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Flow control technique to prevent distal
embolization during mechanical thrombectomy
Mathew Wooster, MD,a Daniel Kloda, DO,b Jacob Robison, MD,c Joseph Hart, MD,d
Marcelo Guimaraes, MD,e Thomas Todoran, MD,f and Claudio Schönholz, MD,e Charleston, SC;
Portland, Me; and Cincinnati, Ohio
In an era of increasing emphasis on minimally invasive surgery, distal embolization remains a concern in the absence of
distal flow control. We present a case using an endovascular flow control technique that can be used for reducing distal
embolic events during endovascular recanalization of aortoiliac occlusive disease. This technique has been used in four
patients so far (two with native anatomy and two with aorto-bi-iliac grafts) with no evidence of angiographic or clinical
embolic complications. ( J Vasc Surg 2012;56:1457-60.)
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tAortoiliac occlusive disease (AIOD) is an extremely
debilitating condition that has traditionally been effec-
tively, albeit invasively, treated with aortic bifurcation grafts
with long-term patency rates exceeding 80%.1 Among pa-
tients with graft failure, limb occlusion remains the most
common cause,2 with primary risk factors for long-term
failure including smoking, tibial vessel occlusive disease,
profunda femoris occlusive disease, and placement of graft
for occlusive rather than aneurysmal disease.3 When a graft
limb thromboses, a number of endovascular and open
surgical options for repair are available, each with its pro-
ponents.1,4,5
Recently, there has been an emphasis on endovascular
approaches to primary AIOD as well as to treatment of
occluded graft limbs, with increasingly positive experi-
ence6-8 and excellent patency rates.1,6 Use of intra-arterial
thrombolysis,8 rheolytic thrombectomy,9,10 and the Trellis
thrombectomy system (Covidien, Dublin, Ireland)11 have
all been described with high technical success rates. How-
ever, bleeding complications have been seen using lytic
agents, and these techniques all have distal embolization
rates as high as 11.5%.8-11
With increasing use of endovascular therapies, it is
important to minimize known complications. While use of
filters and flow reversal systems has been well described for
carotid artery stenting, no similar devices are designed or
commercially available for peripheral revascularization.12-14
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http://dx.doi.org/10.1016/j.jvs.2012.06.100e describe here a new technique (Fig 1) by which we
ropose to reduce potential embolic complications asso-
iated with endovascular revascularization of aortoiliac
isease.
ETHODS
A 42-year-old obese woman with significant smoking
istory and bilateral lower extremity claudication was
eferred by her primary care physician for computed
omography angiography, which revealed complex ath-
rosclerotic plaque with 60% to 70% stenosis of the distal
bdominal aorta and 50% stenosis of the common iliac
rteries bilaterally. She underwent uncomplicated aorto-
i-iliac bypass grafting using a 12-mm  5-mm He-
ashield graft and was discharged on daily aspirin ther-
py. She re-presented 6 months later with bilateral lower
xtremity claudication. Computed tomography angiog-
aphy revealed right iliac limb occlusion and approxi-
ately 50% stenosis of the left limb. She was treated with
echanical thrombectomy and bi-iliac bare metal stent
lacement and started on coumadin therapy despite an
nremarkable hypercoagulable workup.
The patient again returned 6 months later complaining
f left leg claudication without resting pain. Computed
omography angiography revealed complete occlusion of
he left iliac limb (Fig 2). Despite reocclusion following
ndovascular repair and known unfavorable evolution of
mall aortas, the lack of an evident technical reason for graft
ailure and her body habitus inclined us to again use the
ndovascular approach. Right percutaneous femoral access
as obtained and a 6 Fr sheath was placed. After heparin-
zation, a balloon occlusion catheter (Flow-directed bal-
oon catheter; Cook, Inc, Bloomington, Ind) was advanced
nd inflated in the proximal right iliac limb for contralateral
mbolic protection. Left percutaneous femoral access was
btained and a 9 Fr sheath placed (Fig 3, B). Through this
ccess, a Gore Flow Reversal (GFR) balloon sheath (GFR
atheter; W. L. Gore, Flagstaff, Ariz) was advanced, and the
alloon inflated in the left external iliac artery just distal to
he iliac bifurcation, allowing flow into the internal iliac but
topping flow and potential embolization downstream (Fig
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November 20121458 Wooster et al3, C). Through the working channel of the flow reversal
sheath, a 0.035-in glide wire and 5 Fr KMP catheter
(Accu-Vu Sizing Catheter; AngioDynamics, Latham, NY)
were used to cross the occlusion. Next, the diagnostic
catheter was removed, a 6 Fr Angiojet catheter (MedRad,
Pittsburgh, Pa) advanced, and mechanical thrombectomy
performed with both balloons inflated, preventing retro-
grade and antegrade embolization. Residual thrombus was
aspirated through the GFR catheter side arm using a
20-mL syringe (Fig 4).
A 6-mm  4-cm bare metal balloon expandable stent
(Express stent; Boston Scientific, Maple Grove, Minn) was
deployed in the mid-to-distal aspect of the left iliac limb to
Fig 1. A, Complete unilateral occlusion of aortobife
catheter at the aortic bifurcation (1) via the nonocc
immediately distal to the takeoff of the hypogastric art
under flow control. D, Mechanical thrombectomy of
through the GFR catheter. E, Active aspiration of the m
occlusive balloons. F, Restoration of bilateral flow threxclude residual adherent thrombus.Minimal residual throm- hus was also appreciated at the proximal aspect of the limb,
nd therefore, after initial unsuccessful angioplastywith 6-mm
issing balloon technique, a 7-mm  27-mm Express stent
as placed.At this point, the occlusionballoonswere deflated,
eestablishing antegrade flow. Completion angiogram dem-
nstrated widely patent left iliac limb without residual throm-
us or stenosis (Fig 3,D), preserved perfusion of the internal
liac arterial distribution, and three-vessel runoff to the left
oot without evidence of distal embolization.
The patient remains clinically well on anticoagulation
t 18 months. Three other cases of acute thrombosis have
een treated with this technique over a 12-year period, two
ith native anatomy and one with an aorto-bi-iliac graft. All
l bypass graft. B, Placement of a balloon occlusion
limb and of a Gore Flow Reversal (GFR) catheter
) creates flow control. C, Crossing of the lesion while
ccluded limb while under flow control is performed
ated thrombus to remove clot burden before deflating
the aortobifemoral bypass graft.mora
luded
ery (2
the o
acerad excellent early clinical results without angiographic
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Volume 56, Number 5 Wooster et al 1459evidence of distal embolization; two were lost to follow-up
and one remains clinically well at 2-month follow-up.
DISCUSSION
Obese body habitus and reoperative groins make open
surgical repair of primary or secondary AIOD a less attrac-
tive approach. Similarly, continued improvements in endo-
vascular devices make these minimally invasive approaches
more attractive, yet they continue to be hindered by rela-
tively high rates of complications, primarily hemorrhage,
and distal embolization.
We considered various endovascular approaches in this
setting, including systemic lytic therapy, local lytic therapy,
rheolytic therapy, and balloon angioplasty, all with or with-
out stenting. Systemic thrombolysis carries the highest risk
of hemorrhage8 as well as the greatest delay in revascular-
ization, and importantly, each of thesemodalities shares the
potential of causing distal embolization, which we sought
to minimize by adapting the flow reversal technique used in
Fig 2. Six-month status post-endovascular mechanical thrombol-
ysis with bilateral iliac bare metal stent placement and 1-year status
post-aortobifemoral bypass graft placement patient presented with
left leg claudication. Computed tomography angiogram demon-
strated occlusion of the left limb of the bypass graft with reconsti-
tution distally and normal patency of the right graft limb.carotid artery stenting. sA significant technical note is that we placed the GFR
atheter just distal to the origin of the internal iliac artery,
eaving the potential for embolization to it. In future cases, we
ill attempt more proximal placement, but sufficient space is
equired to place the balloon in a thrombus-free region.
Currently available devices present some technical is-
ig 3. A, Initial aortogram using a KMP catheter advanced across
he lesion over a 0.035-in wire demonstrates total occlusion of
he left limb of the aortobifemoral bypass graft with patency of the
ight limb. B, A balloon occlusion catheter was advanced via the
ight limb (white arrow), and the cerebral flow reversal Gore
alloon sheath was advanced via the occluded left limb such that
he balloon was just distal to the iliac bifurcation (black arrow).
, Inflation of both balloons provided distal flow control via the
eft limb and contralateral embolic protection via the right limb
hile the Angiojet was advanced through the flow reversal catheter
nd mechanical thrombectomy performed. During thrombec-
omy, a syringe was used to aspirate residual thrombus via “re-
ersed flow” because a true venous shunt was not created. D,
ompletion aortogram showing bilateral patency of aortobifemo-
al bypass graft.ues. The flow reversal system is designed for reaching the
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ventions, the length of the occlusion catheter becomes
cumbersome, necessitating exchange length guidewires.
The length also makes securing the device to the venous
circulation for true flow reversal difficult and prone to
contamination or possible mechanical complication. Short-
ening the length of the flow reversal catheter to 45 cm
would allow both retrograde and cross-over procedures,
making the device more compatible with lower extremity
interventions. Further, the use of an external shunt to the
vein with an interposition filter is advisable to prevent blood
loss but is not mandatory. Finally, it is important to note
that this technique is an adjunct to the various methods of
pharmaco-mechanical thrombectomy preventing the in-
herent embolic complications.
Although specific devices are not yet engineered with
lengths for lower extremity revascularization, it remains
feasible to use the protection devices designed for carotid
interventions and expect good outcomes as long as extra
care is taken to prevent contamination or mechanical fail-
ure. Within the confines of this limited experience, we
cannot compare relative costs of this approach, but this
technique provides an adjunct that minimizes distal em-
bolic events, preserving arterial outflow to both the affected
Fig 4. Aspiration of residual clot under flow control is safe and
effective. The flow reversal catheter was designed for use in carotid
interventions, and a shorter length would be more appropriate for
lower extremity procedures. Heavy clot burden associated with
aortoiliac disease (inset).and contralateral limbs, while enabling prompt removal of Shrombus and restoration of flow using an endovascular
pproach.
The authors would like to thank Emma Vought for her
elp with the illustration in this article.
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